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We have often the tendency, trying to 
solve the “world problem”

We already know 
that the answer is 

42
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Then we zoom into what we can do
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Then we zoom into what we can do
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We need to look at the big picture
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But didn’t I just say,  
“you can’t do everything”?
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Keep the big picture in mind when zooming in.
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The big picture  
in recommender systems research
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Input

Explicit ratings

Recommendations to users: 
Ratings in, rankings out.—It’s simple, isn’t it?

Implicit ratings

Christine Bauer (2020). Ratings in, rankings out. keep it simple, they said. but we need more than that. Proceedings of the Recommendation in Complex Scenarios and the Impact of Recommender 
Systems 2020 (ComplexRec-ImpactRS 2020). Online, 25 September. URL: http://ceur-ws.org/Vol-2697/invited1.pdf
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Input
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Ratings in, rankings out.—It’s simple, isn’t it?
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1. … 
2. … 
3. …
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Input

Explicit ratings

Recommendations to users: 
Ratings in, rankings out.—It’s simple, isn’t it?

Implicit ratings

Output

1. … 
2. … 
3. … ☺

Christine Bauer (2020). Ratings in, rankings out. keep it simple, they said. but we need more than that. Proceedings of the Recommendation in Complex Scenarios and the Impact of Recommender 
Systems 2020 (ComplexRec-ImpactRS 2020). Online, 25 September. URL: http://ceur-ws.org/Vol-2697/invited1.pdf
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Input

Explicit ratings

Recommendations to users: 
Ratings in, rankings out.—It’s simple, isn’t it?

Implicit ratings

☺☺☺

Output

1. … 
2. … 
3. … ☺

Christine Bauer (2020). Ratings in, rankings out. keep it simple, they said. but we need more than that. Proceedings of the Recommendation in Complex Scenarios and the Impact of Recommender 
Systems 2020 (ComplexRec-ImpactRS 2020). Online, 25 September. URL: http://ceur-ws.org/Vol-2697/invited1.pdf
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What would you choose?
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Gender representation in music 
recommendations [Alternating Least Square (ALS)  

Matrix Factorization  
in Collaborative Filtering]

~25% of items recommended are by a woman

Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). Break the Loop: Gender Imbalance in Music Recommenders. Proceedings of the 6th ACM SIGIR Conference on Human Information Interaction 
and Retrieval (CHIIR ‘21). Canberra, ACT, Australia, 14-19 March, pp 249-254. DOI: 10.1145/3406522.3446033
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Gender representation in music 
recommendations [Alternating Least Square (ALS)  

Matrix Factorization  
in Collaborative Filtering]

~25% of items recommended are by a woman

USC Annenberg Inclusion Initiative (2021)

input dataset: ~23% of artists are women

Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). Break the Loop: Gender Imbalance in Music Recommenders. Proceedings of the 6th ACM SIGIR Conference on Human Information Interaction 
and Retrieval (CHIIR ‘21). Canberra, ACT, Australia, 14-19 March, pp 249-254. DOI: 10.1145/3406522.3446033
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Ranking:  
Chances are high that the first track is by a man.

1st 
2nd  
3rd 
4th 
5th 
6th 
7th 
… 

100th

ALS

Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). Break the Loop: Gender Imbalance in Music Recommenders. Proceedings of the 6th ACM SIGIR Conference on Human Information Interaction 
and Retrieval (CHIIR ‘21). Canberra, ACT, Australia, 14-19 March, pp 249-254. DOI: 10.1145/3406522.3446033
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Going for “most popular” flips the results.
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Ranking:  
Chances are high that the first track is by a man.

1st 
2nd  
3rd 
4th 
5th 
6th 
7th 
… 

100th

ALS

Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). Break the Loop: Gender Imbalance in Music Recommenders. Proceedings of the 6th ACM SIGIR Conference on Human Information Interaction 
and Retrieval (CHIIR ‘21). Canberra, ACT, Australia, 14-19 March, pp 249-254. DOI: 10.1145/3406522.3446033

Going for “most popular” flips the results.

most popular

~19.000 
unique tracks  

by women

ALS

130 
unique tracks  

by women

most popular

vs
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Focus and the big picture



My attempts to contribute  
to the big picture
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Recommendation as a  
matrix completion problem

user x item → rating

Users

Items ♖    ☂     ✐    ✄

Interactions observed in data.
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There is a whole lot of context to consider

physical context
physical deployment environment

- functional (e.g., urban, in store, in home, in car, on road)
- indoors / outdoors
- infrastructure (e.g., building, traffic, power)
- form (e.g., design template, architectural structures, form factor, style 
of décor)
- material (e.g., type, surface, weight, robustness, chemics)
- atmospherics (e.g., light, in-house temperature, air quality, sound, 
noise, music, odor, vibration)
- degree of public / private space perception
- safety (e.g., crime, area safety)
- ownership (e.g., physical objects)
- weather (e.g., temperature, sun, wind force, rain, snowfall, climate, 
seasons, wind-chill factor, air humidity, barometric pressure, cloudiness, 
weather forecasts)
- environmental conditions (e.g., gravity, magnetic field, landscape)
- manipulability of physical conditions

location
- country / city / town / village
- region (e.g., geographical, political)
- symbolic (e.g., place, room) / 
actual spot (e.g., cardinal 
coordinates)
- proximity / distance (e.g., range, 
radius)
- altitude
- space characteristics (e.g., 
geometry, angle, length, spatial 
relation, line of sight)
- distribution (e.g., spatial 
distribution, geographical 
dispersion)
- degree of space manipulability

time
- time period / point in time
- time synchronicity (e.g., 
synchronous / asynchronous)
- frequency (e.g., everyday)
- event
- schedule (e.g., work, medication)
- holiday / special day (e.g., 
Valentine’s day, birthday)
- season (e.g., Christmas, summer)
- day in the week (e.g., Monday)
- time of day (e.g., 6 am, night, 
after-work)
- time factor manipulability

movement
- mobility
- speed
- acceleration / 
deceleration
- direction (e.g., 
route)
- orientation, 
rotation

social context
user

- identity
- preferences (e.g., interests, goals, 
needs, lifestyle)
- demographics (e.g., sex, age)
- sociographics (e.g., social status)
- psychographics (e.g., personality 
traits, affect, mood, attitude, emotions, 
experience, motivation)
- socioeconomics
- perception
- biophysiological conditions (e.g., 
comfort, pain, physical fitness, heart 
rate)
- knowledge and skills (e.g., expertise, 
literacy, training, mental conditions, 
vocabulary, difficulty)
- habits (e.g.,  usage, browsing, 
recycling)
- degree of user profile stability

activity
- task involvement / 
process
- phase (e.g.,  start 
phase, final phase)
- degree of control / 
agency
- obtrusiveness

social environment
- cultural environment
- political circumstances and 
law
- micro-social environment
- organization
- psychological 
predispositions and 
phenomena (e.g., group 
dynamics, norms, social 
pressure, acceptance)
- presence and behavior of 
people
- interaction with people
- degree of formality (e.g., 
business / leisure 
environment, daily life, 
entertainment)

technology context
information technology

- computing resources and capabilities 
(e.g., processing power, hardware, 
software)
- network (e.g., wireless, protocol, 
sensor network)
- connectivity (e.g., network)
- risk (e.g., uncertainty, reliability)
- security and privacy (e.g., integrity, 
system stability, accountability)
- architecture (e.g., platform)
- evolvement and scale (e.g., flexibility, 
dynamism)
- system behavior (e.g., system 
awareness, failure)
- system activity (e.g., pattern / speech 
recognition)
- efficiency and effectiveness (e.g., 
cost)

virtual 
environment

- presence (e.g., virtual 
co-location, resource 
visibility)
- interaction (e.g., 
coordination, 
communication)
- discovery (e.g., service / 
resource discovery)
- content (e.g., image, 
text, audio)
- audiovision (e.g., 
computer vision, 
visualization)

target service
- performance
- quality

resource availability
- data (e.g., object-related data)
- devices 
- persons 
- energy and consumption
- access

domain-specific 
context modules

advertising, healthcare, traffic, 
sports, shopping, etc.

domain-specific
context

generic context

A consolidated view of context

Christine Bauer & Alexander Novotny (2017). A consolidated view of 
context for intelligent systems. Journal of Ambient Intelligence and 

Smart Environments, 9(4), pp 377-393. DOI: 10.3233/ais-170445

 Situationalization 
no yes 

Pe
rs

on
al

iz
at

io
n no

 (I) no adaptation (IV) adaptation to a 
specific situation 

1:
1 (II) adaptation to a 

specific individual 
(V) adaptation to a 
specific individual and 
to a specific situation  

1:
n 

(III) adaptation to a 
group of individuals 

(VI) adaptation to a 
group of individuals 
and to a specific 
situation 

 

The PERSIT Matrix

Situationalization as an 
orthogonal strategy to 

personalization

Christine Bauer & Peter Lasinger (2014). Adaptation strategies to 
increase advertisement effectiveness in digital media. Management 

Review Quarterly, 64(2), pp 101-124. DOI: 10.1007/
s11301-014-0101-0
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Figure 8. Fine-tuning context elements 

In a first step, the context elements that appear relevant for an intelligent 
system solving the specific problem are identified. Thereby, relevant context is 
identified at a high level of context abstraction (Bettini et al., 2010). The central 
question is: What context elements – out of the enormous context universe – 
are relevant for the identified problem? This results in a condensed taxonomy 
of relevant context information. Possible sources for the identification of 
relevant context are, for instance, document analysis (e.g., Huang and 
Gartner, 2008), interviews with stakeholders (including potential users) (e.g., 
Castelli et al., 2009), or so-called “speed dating” for rapid prototyping (e.g., 
Davidoff et al., 2007). 

In a second step, context elements that can be processed in combination with 
another one are combined. The central question: What context elements are 
dependent on each other to be valuable for the designated problem? For 
instance, when building a system that references the location of places via 
social context (e.g., “the place you met your fiancée for dinner last time”) 
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being informed by experts in the field. The objective of this stage is to embrace 
the information landscape that may be relevant for the envisioned intelligent 
system. The central questions are: What context exists that might be relevant 
to serve the envisioned system’s purpose? What solutions to similar projects 
have been found? What are the main challenges in addressing this problem? 
After this phase, designers are well informed about the state-of-the-art 
concerning what is possible to do, where challenges exist, and what has 
already been done. 

 

Figure 7. The ideal process – goal-driven fine-tuning process 

goal 

functional requirements 

state-of-the-art 
analysis 

fine-tuning 

constraints 
evaluation 

cost-benefit 
analysis 

technology 
selection 
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Christine Bauer & Anind K. Dey (2016). Considering context in the 
design of intelligent systems: current practices and suggestions for 
improvement. Journal of Systems and Software, 112, pp 26-47. DOI: 

10.1016/j.jss.2015.10.041

Selecting context elements
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Multiple stakeholders

Stakeholders

End Consumers Recommendation 
Service Providers

Suppliers

Individual Users

Society

User Groups / 
Communities

Manufacturers / 
Brands

Item / Service 
Suppliers

Direct impact Indirect impact

Dietmar Jannach & Christine Bauer (2020). Escaping the McNamara Fallacy: Toward more impactful recommender systems research. AI Magazine, 41(4), pp 79-95. DOI: 10.1609/aimag.v41i4.5312
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Toward comprehensive evaluation

From system-centric 
evaluation  

toward  
including all stakeholders 

Human-centered evaluation 
(broad spectrum of methods)

Eva Zangerle & Christine Bauer (2022). Evaluating recommender systems: survey and framework. ACM Computing Surveys, 55(8), Art no. 170, pp 1-38. DOI: 10.1145/3556536

Evaluation Design Space

Experiment Type

Offline Evaluation

User Study

Online Evaluation

Evaluation Objectives

Overall Goal

Stakeholders

Properties

Evaluation Aspects

Data CollectionTypes of Data

Data Quality and Biases Evaluation Metrics

Evaluation System

Evaluation Principles

Hypothesis / Research Question

Control Variables

Generalization Power

Reliability

Framework for EValuating Recommender systems (FEVR)

PERSPECTIVES 2021 at RecSys 2021
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Psychological effects in decision-making

Christine Bauer & Bruce Ferwerda (2020). Conformity behavior in group playlist creation. Proceedings of the CHI Conference on Human Factors in Computing Systems (CHI EA ‘20). 
Honolulu, HI, USA, 25-30 April, LBW 114, pp 1-10. DOI: 10.1145/3334480.3382942

Bruce Ferwerda & Christine Bauer (2022). To flip or not to flip: conformity effect across cultures. Proceedings of the CHI Conference on Human Factors in Computing Systems 
Extended Abstracts (CHI EA '22). New Orleans, LA, USA, 29 April - 5 May, Art no. 370, 7 pages. DOI: 10.1145/3491101.3519662

Candidate song to be added to 
the playlist.

The group’s votes, allowing the 
participant to revise their 

voting.

Song added to a group’s playlist after reaching 
consensus.

Christine Bauer & Bruce Ferwerda (2023). The effect of ingroup identification on conformity behavior in group decision-making: the flipping direction matters. Proceedings of the 
56th Hawaii International Conference on System Sciences (HICSS 2023). Maui, HI, USA, 3-6 January, pp 2242-2251. URL: https://hdl.handle.net/10125/102908



Critical challenge:  
Fairness
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My approach in addressing this topic⎯an example

“In heavy metal music, I imagine that there 
aren’t many female singers. Maybe we 
could give them more visibility, otherwise 
they would never be seen.”  — P4

Explorative 
Qualitative approach 

(interviews, QCA)
What is fair from the 
artists’ perspective?

Major problem: 
gender 
imbalance

MethodsRQs Results

Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). What is fair? Exploring the artists' 
perspective on the fairness of music streaming platforms, INTERACT 2021. DOI: 

10.1007/978-3-030-85616-8_33
Andrés Ferraro, Xavier Serra, & Christine Bauer (2021). Break the loop: Gender imbalance in music 

recommenders. CHIIR ‘21. DOI: 10.1145/3406522.3446033
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My approach in addressing this topic⎯an example

“In heavy metal music, I imagine that there 
aren’t many female singers. Maybe we 
could give them more visibility, otherwise 
they would never be seen.”  — P4

Explorative 
Qualitative approach 

(interviews, QCA)
What is fair from the 
artists’ perspective?

Major problem: 
gender 
imbalance

Data enrichment 
Data analysis 

Offline evaluation

▸ How are datasets 
distributed regarding 
artists’ gender? 

▸ How do algorithms 
perform regarding 
gender fairness?
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We might not solve everything  
→ but we can do better!



The big picture as a scientist
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Also here: 
Focus and the big picture
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We need to build a portfolio.  
Somehow it is similar to a decathlon
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The 3 pillars of an academic researcher

44

Research AdministrationTeaching
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The 10 disciplines of a scientist (Mertens 2010)

Research and 
communication 
within science

Third-party 
funding=Money

Service to the 
community

Communication 
to the publicTeaching

including supervision 
of students, creation of 

research internships

Writing textbooks

Publications

Research and 
transfer to 

industry

talks at industry-related 
organizations, MBA 

courses, cooperative 
research, patents

transfer to 
politics and society, 

media presence

Advancement of 
local facilities

attracting students, 
education of students, 
support for spin-offs

University self-
organization tasks

Furthering young 
academic talent

Peter Mertens (2010). Der Zehnkampf des Hochschullehrers – 
Setzen wir falsche Anreize? https://www.if-blog.de/wp-content/uploads/downloads/2010/03/Zehnkampf-Arbeitsbericht_2Aufl.pdf

https://www.if-blog.de/wp-content/uploads/downloads/2010/03/Zehnkampf-Arbeitsbericht_2Aufl.pdf
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TRIPLE model of Utrecht University

Page 3Utrecht University · Recognition and Rewards Vision

TRIPLE: Team Spirit as the default approach to working in academia

Team Spiritiii or Teamwork, is the default to all work in academia in the 
TRIPLE model. By putting the T of Team first, we emphasize a strategic 
way of working within, but also across, the different domains of academic 
work and supporting domains, where the goals and needs of the team are 
the point of departure in how we organize and evaluate our workiv. Team 
Spirit does not imply that every activity is a joint activity, but it does 
acknowledge that academic work benefits from an open and collaborative 
approach and that every individual operates in the context of a broader 
team where tasks are divided and where we work towards shared goals.  
It requires effective leadership that provides for a safe, open, construc-
tive, diverse and inclusive academic climate7 where sharing, contributing 
and collaborating is the norm. 

TRIPLE:  Three domains where we generate outcomes:
Education, Research and Professional Performance.

The TRIPLE model identifies three domains where we generate out-
comes for academia and society. These include the two core domains 
of academia: Education and Research. The domain of Professional 
Performance entails the other professional activities in academia that  
are not captured by education and research such as patient carev.

Education involves the full spectrum of tasks related to academic 
teaching, from teaching a class, to individual supervision and to being 
a member of the board of examiners. The domain of education is 
inextricably linked to that of research, or as explained by the UU Centre 
for Academic Teaching: “Academics are stimulated to use a research-
informed approach for their teaching: disciplinary knowledge, practical 
knowledge and scientific knowledge are combined to enhance student 
learning”8. Education at the UU has a multidisciplinary approach and 
connects to the public through community-engaged learning. These lines 
of action are supported by educational innovation and the professional 
development of lecturers, secured in an accommodating system of 
recognition and rewards.

7      https://www.uu.nl/en/
organisation/equality-diversity-
inclusion/about 

8     https://www.uu.nl/en/education/
centre-for-academic-teaching

TEAM 

RESEARCH

IMPACT

PROFESSIONAL PERFORMANCE

LEADERSHIP

EDUCATION

TRIPLE MODEL

https://www.uu.nl/sites/default/files/UU-Recognition-and-Rewards-Vision.pdf
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What I take as my pillars

47

Research and 
publications

Third-Party 
Funding=Money

Service to the 
Community

Communication 
to the PublicTeaching
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What we need to keep in mind
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What does my 
current employer 

expect?

What does my 
future employer 

want?
What do I want? Scientific 

integrity

What is my 
community and 
what does my 

community expect?

current situation — future situation

short-term wins — long-term impact (and image!)

Focus and the big picture



My journey
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christine.bauer@plus.ac.at 
https://christinebauer.eu 
@christine_bauer

Interactive Intelligent Systems

Recommender systems, Context-adaptivity 
Fairness 

Music and media sector 
Multi-method evaluation

Research

Teaching

Business

Department of  
Artificial Intelligence  
and Human Interfaces
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mailto:christine.bauer@plus.ac.at
https://christinebauer.eu
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My educational background
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International Business Administration 

Business Informatics 

Jazz Saxophone 

Social and Economic Sciences  
(Business Informatics) 

Diploma

MSc

Doctorate

Study program
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Building bridges

Data science

Artificial 
intelligenceHuman-computer 

interaction
inter-

disciplinary

Quantitative 
methods

Modeling

Analytical 
research

Algorithmic 
experimentation

Qualitative 
methods

M
et

ho
do

lo
gy

I am an interdisciplinary researcher.
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Eva Zangerle Christine BauerAlan Said

19 September 2023, @RecSys 2023 
https://perspectives-ws.github.io

https://perspectives-ws.github.io
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Women In RecSys Session @RecSys 2023
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Evaluation Design Space

Experiment Type

Offline Evaluation

User Study

Online Evaluation

Evaluation Objectives

Overall Goal

Stakeholders

Properties

Evaluation Aspects

Data CollectionTypes of Data

Data Quality and Biases Evaluation Metrics

Evaluation System

Evaluation Principles

Hypothesis / Research Question

Control Variables

Generalization Power

Reliability

Framework for EValuating Recommender systems (FEVR) 

Eva Zangerle & Christine Bauer (2022). Evaluating recommender systems: survey and framework. ACM Computing Surveys, 55(8), Art no. 170, pp 1-38. DOI: 10.1145/3556536

Women in RecSys: Journal 
Paper of the Year Award 2023, 

Senior category

Eva Zangerle Christine Bauer



Keep an eye on the big picture— 
in recommender systems research 
and as a scientist

Christine Bauer
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Christine Bauer 
EXDIGIT Professor of  
Interactive Intelligent Systems 
Department of Artificial 
Intelligence and Human 
Interfaces (AIHI)

christine.bauer@plus.ac.at 
https://christinebauer.eu 
@christine_bauer
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